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INTRODUCTION 
This report reviews activities on this project since the Progress 
Report, Part IV, June 1961. 
The summer of 1961 has been one o -f . the driest on record for Ogden 
Bay and Howard Slough Refuge. The extreme shortage of irrigation 
water has resulted in very little flow in the Howard Slough which 
originates from return flow. The available water from the Weber River 
for the Ogden Bay Refuge was also the lowest on record. The scarcity 
of water at these two refuges has resulted in increased salinity. 
Most of the routine work on the project during the summer was 
d~ne by Ming Change T sai, graduate assistant in civil engineering who 
resided at the Ogden Bay Refuge. Mr. Tsai has been assisted in the care 
of the salinity lysimiters at Ogden Bay Refuge, and in the salinity surveys 
at the other refuges by Daya Kaushik, graduate assistant in wildlife re-
sources. 
HOWARD SLOUGH REFUGE 
InflOw-Outflow Measurements 
Efforts to improve the accuracy of the inflow-outflow measurements 
at the Howard Slough Refuge have been largely nullified by the drought. 
Outflow from the diked area ceased on May 31 and the inflow ceased on 
July 26. Infl ow began again about Septemper 20 following the heavy rains 
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on Septembery 18 . When the refuge was visited on September 22 there 
was a flow of about 1 cubic foot per second through inlet 6, and a very 
slight flow through some of the other inlets. The records obtained during 
the early spring months will have little meaning in so far as consumptive 
use determinations are concerened. In order to improve the accuracy 
of the inflow-outflow dete rminations it was planned to utilize the new 
Digital Computer facilities at Utah State University in performing the 
detailed calculations. The short reco,rd obtained during 1961 may serve 
well to wO:t;"k out the details for this computer program. Since the problem 
has not yet been programmed, no attempt will be made here to summarize 
the short record that was obtained. 
Corrected Estimate of Consumptive Use for 1960 
Since the Progres s Report, Part IV , was is sued in June 1961, an 
error was discovered in the calculations leading to the estimate of the 
correction for the flow under the weir boards at inlet 2. When the weir 
boards were properly seated the drop in elevation was 1.75 inches, not 
o. 175 feet as stated on page 3 (Part IV). Again assuming that 2/3 of the 
width of the structure was open, the correct area of opening was O. 35 
square feet , not 0 . 63 as stated. This leads to a correction of only 56 
percent of that given in Table 1, page 4, of .the previous report. 
Survey data obtained during the ' spring of 1961 ·has made it pos sible 
to determine the approximate change in storage within the refuge as the 
the water level at the outlets fluctuated . The amount , of this change in 
storage from the beginning to the end of each period was calculated and 
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the consumptive use has been corrected accordingly. Table 1 of this report 
is, therefore, a corrected version of Table l, Part IV. This corrected 
table shows that the consumptive use for the season, neglecting that which 
resulted from soil moisture depletion and pos sible groundwater contribu'- " 
tions, was about 80 percent of the .evaporation as measured at the Ogden Bay 
Refuge with a Weather Bureau pan. Considering that about 45 percent of 
the area is covered w~th salt gras s, for which the consumptive use is much 
lower, it appears that the consumptive use for the area flooded or covered 
with emergent marsh plants may have been approximately the same as the 
measured evaporatIon. 
Soil Moisture Depletion 
Soil moisture samples were taken at three sites in the Howard Slough 
R efuge beginning on May 4, 1961, to determine the approximate soil moist-
ure depletion in the areas not flooded by the wate r entering the refuge through 
the inlets. Site A was in a dry sparse growth of salt grass, and Site B was 
in a much greener growth of salt grass, site C was on bare salty soil. 
Five sets of samples were taken to a depth of 24 inches. The results of 
these determinations are given in Table 2. 
The difference in the results obtained in these three areas may be 
significant, or they may be due to natural variations in moisture contents 
of the different samples without relation to the type of vegetation . 
Table 1. Corrected Inflow-Outflow Measurements, Precipitation, Evaporation, and Consumpti ve Use, 
1960, at Howard Slough Refuge 
Measured Corrected Total Measured Inflow Change Total Precip- Consump- Evap- Ratio 
Month inflow leakage inflow outflow less ln equivalent itation tive use- oration U IE 
estimate* outflow Storage depth U E 
ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft i-nches inches inches inches 
May 
14-31 1,297 52 1,349 1,015 334 + 60 4.80 0.06 4.86 4.74 1. 025 
June 1, 635 91 1,726 1,302 424 -121 9 ... 55 . 11 9.66 10.78 .896 
July 644 94 738 262 476 - 30 8.87 .20 9.07 12._ 78 • 710 
Aug. 713 94 807 336 471 + 68 7.06 .54 7.60 10. 01 .759 
Sept. 1,221 91 ·1; 312 1, 070 242 - 27 4.72 . 55 5.27 7.66 .688 
Oct. 686 94 780 674 106 
-
20 2.21 1. 34 3.55 3.96 • 896 
Nov. 807 91 898 865 33 + 44 • 19 1.48 1. 29 1. 68 .768 
S-eason 7,003 607 7, 610 5,524 2,086 
-
26 37.02 4.28 41. 30 51. 68 .799 
~~ Based on corrected estimate of area of opening under weir boards at inlet 2. 
~ 
Table 2. Summary .of Soil Moistu re Data and Estimate of Consumptive Use from Soil Moisture De_pletion 
Site A - - Dry Salt Gras s Site B - - Green Salt Gras s Site C--Bare Salty Soil 
Date Average Equivalent Loss Average Equivalent Loss Average Equivalent Loss 
1961 moisture depth>!< moisture depth>:~ moisture depth >!< 
percent inches inches percent inches inches percent inches inches 
May 4 37.2 11. 60 33.8 10.55 30.8 9.60 
2.42 0.30 0.60 
June 9 29.5 9. 18 3-2. 8 10.25 28.9 9.00 
0.30 -0,,47 0.72 
July 5 28.5 8.88 34.4 10.72 26.6 8.28 
1. 38 1.97 1. 33 
July 26 23.4 7.30 28. 1 8.75 22.3 6.95 
-0.55 
- .80 -1.45 
Aug. 29 25.2 7.85 30.6 9.55 26.9 8.40 
May 4 -
Aug. 29 3.55 1. 00 1.20 
>:c Equivalent depth based on assumed apparent specific gravity of 1. 30 and depth of two feet. 
U1 
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When the first samples were taken on May 4, the water table, as indicated 
by the piezometers nearest sites A and B, was about 1. 9 feet below the 
surface . Near site C it was about 2 . 0 feet below the surface. On August 
14 the corresponding depths to the water table were about 4. 1 and .5. 0 feet. 
During all of this period there was an upward piezometer gradient indicat-
ing an upward movement of water from a deeper more permeable strata. 
The lowering of the water table during this period indicated that water is 
moving upward from the saturated zone by capillarity into the root zone 
faster than it is moving upward through [he les s permeable saturated 
material. The decrease in soil moisture in the upper 2 feet of soil 
indicates removal at a faster rate than it is being replenished from the 
underlying saturated zone. The increase in soil moisture during August 
may indicate that during this later period the removal by the nearly dor-
mant and dry salt grass was at a lower rate than the replenishment rate. 
This increase in soil moisture may have been partly caused by the rain-
fall preceeding the August 29 sampling. 
Les s water was lost from site B than site A and moisture content was 
comparatively higher. This may indicate a higher rate of moisture replen-
ishment from groundwater on this location and may well account for the 
greener growth of the salt grass. Undoubtedly, the actual consumptive 
use of water was greater at site B than at site A . 
The soil morsture sampling program was not extensive enough to arrive 
at reliable estimates of the consumptive use from soil moisture depletion. 
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They do, however, suggest that the actual total consumptive use for the 
season may have been somewhat greater than given in table I because of 
the upward replenishment of soil moisture from below and the decrease 
in soil moisture percentage in the upper 2 feet of soil during the sUIl).mer 
months. The total soil moisture depletion from May 4 to August 29 
varied from about 1 to 4 inches at the different sites. The poor growth 
of salt grass at site A may possible have been caused by a high soil 
salinity level at this location. 
Weather Data at Howard Slough Refuge 
A · complete tabulation of the weather data obtained at the Ogden Bay 
and Howard Slough Refuge s in 1 961 has been completed and are included 
in the ,appendix. The evaporation and precipitation as measured at Howard 
Slough Refuge, compared with that at Ogden Bay Refuge, and at Bear River 
Refuge as taken from the monthly climatological data are given in Table 3. 
Comparisons of temperatures and wind data are given in Table 4. It will 
be seen from Tables3 and 4 that at the Bear River Refuge, where more than 
20 years of data are availab Ie, the evaporation for each month during the 
period April through July exceeded the average. The wind velocities were 
above normal during April and May, and the temperatures were above 
normal during June, July, and August. 
vaporation and Precipitation at Ogden Bay Refuge, Howard Slough Refuge, 
and Bear River Refuge 
Ogden Bay Refuge Howard SlouBh Refuge Bear River RefuBe 
Month Evapo- Precip- Evapo- Precip- Evapo- Average Precip-
ration °itation ration itation ration Evaporation* itation 
1961 inches inches inches inches inches 
April 5.93];.1 1. 01 6.753..1 1.1341 6.09 
May 8.71 0.22 9.70l1 0.26 9. 13 
June 10.38 0.38 10.82 0.37 10.98 
July 12. 18 0.92 14.29 0.64 11. 78 
August 9. 18 0.58 11.42 0.46 9.60 
September 5.32 2 . 07 6.03 1. 97 6.39 
October 3.01 1. 13 3.30 1.02 3.30 
Season 54.71 6.31 62.31 5.85 57.27 
*From page 37, Progress Report, Part 1, January 1960. 
1 First 7 days of month estimated from record at Bear River Refuge. 
2 Estimated from the evaporation ratio of Ogden Bay and Howard Slough Refuge. 
3 First 8 days of month estimated from record at Ogden Bay Refuge. 
4 Estimated from the precipitation ratio of Ogden Bay and Howard Slough Refuge. 
inches 
4.97 0.29 
7.67 0.23 
9.23 0.58 
11. 12 0.55 
10.06 0.91 ° 
6.66 2.28 
3.60 1. 30 
53.31 6. 14 
00 
Table 4. Summary of Temperature and Wind Data at Ogden Bay Refug_e, Howard Slough Refuge, and 
Bear River Refuge , 1961. 
Month 
'-" "" 
1961 
April 
May 
June 
July 
August 
September 
October 
Ogden Bay Refuge 
Ave. Wind 
Temp. Velocity 
of mph 
46.5 3.71 
57.8 2. 92 
70 . 8 1. 63 
74.3 1. 06 
73.4 1. 43 
57.0 1. 17 
48. 7 1. 62 
Howard Slough Refuge 
Avg. Temp. 
of 
71. 0 
76. 3 
73.9 
56.5 
47.5 
Bear River Refuge 
Avg. Avg. Mean Wind Avg . 
Temp. Temp. * Velocity Wind* 
of OF mph mph 
46. 7 49 .. 0 3.87 3. 39 
59. 8 59._8 3.41 3. 02 
72. I 66. 8_ 2.50 2.59 
76. 5 75 • .5 2. 17 2.49 
75.6 73.8 2.19 2 . 24 
57.8 64r5 2.68 1. 75 
49.4 52. 7 1· 2.90 1. 67 
)'f Averages reported in Table 8, page 42, Progress Report Part I, January 1960. 
'-'> 
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Salinity at Howard Slough Refuge 
The Howard Slough Refuge experienced a decided contrast in salinity 
conditions from 1960 to 1961 because of the great difference s in inflow 
and outflow. In 1960 the minimum inflow was about 738 acre feet for 
July,i and 780 acre feet for October, whereas in 1961 the inflow ceased 
in July and did not start again until about September 20. When the refuge 
was inspected on September 22, 1961, there was only a very small inflow, 
the r ,esult of a heavy rain on September 18. The outflow ceased on May 
31 and there was still not outflow on October 7. In 1960 the minimum 
monthly outflow was 262 acre feet for July and 336 acre feet for August. 
The 1961 conductance measurements are given in Table 5. 
In 1960, the conductance at the inlets averaged 1105 for the period 
May r 31 to November 22. The maximum repo rted was 1580 at inlet 8 
on November 16. (See Table 1, Progress Report, Part III, December 
1960) 
For 1961, the conductance at the inlets has varied from a minimum 
of 89 • .0 at inlet 4 on September 22, to a maximum of 3600 at inlet 6 on 
August 28. The average conductance at inlets 2 and 6 for the period 
June 9 to September 22 was 3190. After the inflow ceased, conductance 
measurements were made only at inlets 2 and 6 and outlets 2 and 8. 
The contrast is even greater at the outlet structures. In 1960, the 
highe st reported conductance was 2850 at outlet 9 on Augu.& 17. In 1961, 
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Table. 5 .. Conductance Measure ments a t Howard Slough Refuge, 1961, and 
Comparisons w ith 1960 . 
L ocation June 9 J une 27 J uly 11 Aug.15 Aug. 28 Sept. 22 Nov.l0 
m i crornhos per cm at 25 0 C 
2,200 1 , 900 . 2 , 700 2,.500 600 
2,030 2,060 2,700 2,200 2,700 2,350 600 
1,490 1,325 2,100 890 610 
1,410 1,580 2 , 580 2,500 3,600 1,550 . 610 
2,000 1,900 3,000 2,350 680 
1 to 8 1,660 1,670 2,410 1,750 620 
I 
2 and 6 1 , 720 1,820 2 , 640 2,350 3,150 2,450 605 
1 t o 8 ~:~ 930 930 950 1 , 050 820 1,060 1,32Q. 
let 2 3 , 750 4 , 300 6 , 300 9,000 9,300 8 , 500 2,000 
3, 650 4,700 7 , 300 2,500 
3, 600 4,600 7,300 9,000 10,000 8,200 2,400 
3,450 4,600 6,300 4,45.0 
1 t o 9 3,650 4,540 6, 100 2,340 
2 and 8 3,680 4,450 6,800 9,000 9,650 8,350 2,200 
1, 280 1 , 280 1 , 470 2,640 1,730 1,970 1,845 
ow c eased on July 26, 1961, started again about September 20. 
tilow ceased on May 31 , 1961. 
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the conductance at outlet 8 was 7300 on July 11, and it increased to 10,000 
on August 28 when there was water only in the borrow pit. 
Soil Moisture and Salinity Conditions 
During Septell1ber 4-6, 1961, soil s all1ples were collected in the 
Howa,rd Slough and Ogden Bay Refuges in an attell1pt to relate the appear-
ance ,of the ll1arsh vegetation with the soil 1l10isture and soil salinity. On 
September 4, the vegetation in the Howard Slough Refuge was dried up and 
appeared dead, but careful exall1ination of the roots indicated that only 
about one plant in ten was actually dead at that till1e. Whether or not 
these plants survived the next two weeks until the rain on Septell1~r 18 
remains to be seen. 
The results of this sall1pling prograll1 is sUll1ll1arized in Table 6. 
SALINITY LYSIMETERS AT OGDEN BAY REFUGE 
As will be recalled, the four test plants, COll1ll1on cattail (typha 
latifolia), . alkali bulrush (scirpus paludosus), sego pondweed (potall1ogeton 
, 
pectinatus), and hardstern bulrush (sc irpus acutus) were planted in the . 
salinity lysimeters at the Ogden Bay Refuge in June 1960. They ll1ade a 
fair growth during the rell1ainder of the year, and excellent growth dur-
ing 1961. On July 17 salt was first added to the lysill1eters. The salt 
was a mixture containing two parts of COll1ll1on salt, sodiull1 chloride, 
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Table 6. Soil moisture and salinity in various types of vegetation at Howard 
Slough and Ogden Bay Refuges, September 4 - 6, 1961. 
Salinity 
Vegetation Location Appearance Depth Moisture Soil Moisture 
Content Basis Basis 
inches percent percent percent 
Cattail HSRl Tops dead, 0-6 29 . 4 
Site 1 some roots 6-12 27.1 1. 74 6.42 
alive 12-18 23 . 9 2.46 10.29 
18-24 23 . 4 
Avg . 25.7 2.10 8.36 
Cattail HSR 90% dry 0-6 26. 0 1. 35 5.19 
Site 2 10% green 12-18 31. 6 1. 08 3.42 
18-24 33 . 4 3.30 9.88 
Avg. 30.7 1. 91 6. 16 
Cattail HSR 95% dry 0-6 37.8 
Site 3 5% green 6-12 41. 1 
12-18 42. 1 
18-24 37.8 
Avg. 39.8 
Cattail OBR2 70% green 0-6 42.5 .41 .96 
Site 4 30% dry 6-12 47.8 
12-18 49. 0 
18-24 39 . 9 .. 34. .85 
Avg. 44 . 6 .38 .91 
Cattail OBR 70% green 0 - 6 31.5 
Site 5 30% dry 6-12 35.0 .41 1. 17 
12-18 34. 0 .41 1. 21 
Avg. 33.5 .41 1. 19 
Saltgras s I 0-6 HSR Partially 24. 2 
Site 1 green, 6-12 21. 0 .66 3.. 1'4 
dense stand, 12-15 18 . 6 .66 3 .. 55 
sparsely 15-24 14. 9 
fruiting Avg. 25.4 .66 3. 35 
Saltgras s HSR dry 0-6 26.1 
Site 2 6-12 22. 9 
12-18 24.5 
18-24 26.4 
24-30 28.2 1. 74 6.17 
Avg. 25.4 1. 74 6.17 
Salt grass HSR 50% green 0 - 6 26 . 2 1. 62 6. 1 7 
Site 3 50% dry 6 -12 26.7 1. 50 5.62 
12 - 18 28 . 1 1. 56 5. 55 
18 - 24 32.4 1. 80 5.56 
I Avg. 28 . 0 1. 62 5.73 2 Howard Slough Refuge 
Ogden Bay Refuge 
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Table 6. (Continued) 
Salinity 
Vegetation Location Appearance Depth Moisture Soil Moisture 
Content Basis Basis' J 
inches percent percent percent 
Saltgrass HSR 70% green 0 - 6 26 . 1 
Site 4 30% dry 6 - 12 29.3 
12-18 32. 9 
Avg. 29. 9 
Saltgrass HSR Dead salt - 0 - 6 40 . 0 7.2 -18". -00 
S ite 5 gr?-ss , all 6 - 12 30 . 6 3.6 11. 75 
dead 12 - 18 33 . 4 3. 3 9. 87 
18 - 24 33. 1 
Avg. 33.8 4.80 13.21 
01neyi HSR 90% dead 0-6 32. 7 1. 23 3.76 
Bulrush 10% green 6-12 33.2 
Site 1 12 - 18 31. 8 2.16 - 6 .. 7.9 
18-24 32.9 
24-30 32. 0 
Avg. 32.5 1. 70 5.28 
Olneyi HSR 75% dry 0-6 54. 9 3. 00 5.47 
Bulrush 25% green 6 - 12 36 . 9 1. 71 4.64 
Site 2 12 - 18 39 . 3 
18 - 24 40 . 1 
Avg . 40 . 9 2. 36 5.06 
Hardstem HSR 90% dry 0-6 34.4 1. 41 4.10 
Bulrush 10% green 6 - 12 33 . 9 1. 71 5.04 
Site 1 12 - 18 27.5 1. 83 6.65 
18 - 24 15.3 1. 20 7.84 
Avg . 26 . 6 1. 54 5. 91 
Hardstem HSR 90% dry 0 - 6 46.6 1. 26 2.70 
Bulrush 10% green 6-12 32.1 1. 14 3.55 
Site 2 12 - 18 34 . 7 
18-24 34.1 
Avg. 36. 3 1. 20 3. 13 
Hardstem HSR 70% dry 0 - 6 26 . 7 
Bulrush 30% dry 6 - 12 17 . 9 .24 1. 34 
Site 3 12-18 10 . 9 . 18 1.65 
18 - 24 28 . 1 
Avg . 20 . 1 .21. 1. 50 
Hardstem OBR 70% green 0 - 6 29 . 4 . 41 1. 40 
Bulrush 30% dry 6 - 12 28 . 4 . 51. 1. 80 
Site 4 12 - 18 28 . 2 . 4'9 1. 74 
18 - 24 26 . 8 . 30 1. 18 
Avg . 28 . 1 .43 1. 53 
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and one part calcium chloride. The lysimeters were divided into four 
groupS for the four treatments, designated A, B, C, and D . It was de-
cided that the salinity would be increased gradually until the conductance 
as measured in the 3 -inch well would be approximately as follows for the 
four treatments. 
Treatment 
A 
B 
C 
D 
Conductance 
millimhos / cm at 25 0 C 
4 
8 
16 
32 
Before the salt was added, the conductance in the lysimeters varied 
considerably. When the s alt wa.s first added, those lysimeters within ~ . 
each ,of the plant types with the lowest conductance were placed in group 
A" th,e next lowest in group B , etc. 
The salt was mixed in a 55 -gallon barrel, and a bucketful, approxi-
mately 4 gallons, was added to each of the lysimeters in treatment D, 
half as much to those in treatment C, etc. Because of the time required 
to achieve circulation of the water through the soil from the surface to 
the bottom from which it entered the well, some time elapsed before dis-
tinct differences in conductance appeared in the wells. The water was 
circulated b y dipping the water out of the wells at frequent intervals, 
usually daily. 
At the time the salt was first added, colored photographs were taken 
of all of the lysimeters, so that any distinct differences in appearance 
resulting from the addition of the salt could be observed by comparison 
with photographs taken at later dates. 
:At the time of the last inspection, September 22, 1961, distinct 
differences could not be observed between the different treatments for 
the cattail and the hardstem bulrush, but the condition of the alkali bul-
rush plants for treatments C and D appeared definitely inferior to those 
in treatm.ents A and B. 
A record of the salinity as measured in the lysimeters is given in 
Table 7, 8, 9, and 10. 
Groundwater Investigations 
16 
Most of the low lying land near the Great Salt Lake is over an artesian 
pressure basin. United States Bureau of Reclamation records at the 
Ogden Bay Refug~ indicate that the piezometric pressure level of the 
groundwater is several feet above the ground surface. The culinary and 
garden water supply is from an artesi n well. It seemed possible, there 
fore, that an artesion pres sure condition may exist at the Howard Slough 
Refuge and that the upward flow from groundwater may partly supply the 
consumptive use requirements of the refuge. The consumptive use as 
measured by the inflow-outflow method may also be less than the actual 
A 26 -., r" ... .... 9~0 1,9:JO .~ nCJV i..-v 
29 780 .":',900 Z~ 50.~ 2.7."'/0 
35 980 2" Ota 2!7 00 2·, 2S() 
38 1,350 2,230 Z,.550 2, ZOO 
Ava. 9t>5 1,783 2, 433 2, 155 
B 27 2,900 2,900 3,000 2,520 
30 1,050 1,990 2,."680 2,400 
36 1, lOO .Z·, 380 2,750 2~300 
":' J.J{r~~ l ~ 717 2,· 423 Z .. 810 2.,407 
C .J,~ .. I, ~OO 2,520 2,950 2, 600 
34 1.100 2 , 500 2 ,870 2,450 
1'/ 1,750 2,880 3, 100 a, 600 
Av~ . i ,41 7 ~ , o3 3 .3 , 910 2,. 550 
D lS 3, '500 . 3 , bZO 3, 500 2,800 
31 I., 900 2, 5"00 Zr 900 .Z,5JO 
33 1,560 2,500 l., 900 G,450 
Avg. 2.,32 0 2~873 3 , l.~ ·O . 2, 593 
:r'i rst salt applied. 
1..,400 3 , 100 2.o~8C 
Z. 550 c :i, .1: 2. ~, ~. : 650 
2, ~co 3, 300· 2,800 
2,2.50 ' ~,.:." ,.I&o.!::"" Z,5Z,O 
2,420 ~ r- ~!o· ~~ ~ ~~ ]6 
2., 100 3,40(,; ~9 700 
2,620 3,370 2 t 800 
2,720 3,320 2,650 
2, 680 3,363 2, 7 17 
Z.,900 3,400 2,720 
2. ,700 3,4((J Z~900 
Z,82.0 3~ 600 J. , 0 4/; 
2. , ~}O7 3,' 467 2* B 8~{ 
3 J 050 3, 80(; 3»120 
Z.y 860 ~J 600 3, 050· 
2)69.0 3! 700 3, 14-0 
2,867" 3 , 70:.; :,10.-: 
Z,48G 3, 6:[;~} 
Z~ 400 :Y, : 00 
~~530 3 , 150 
Z~3Z0 3,300 
2,433 3.288 
Z,520 3t OOO 
2, 520 3,100-
Z. 3Z0 2.,850 
7 J 453 2,983 
2.7 30 5 c 200 
2,580 3 .. 25C 
2,520 3,200 
Z,610 3,883 
2,. 15(, 3, 650 
2;620 3 p SOO 
2, 860 3 ~b 50 
Z, 743 3,600 
A l~glw 
:,:'0 
3 , 400 
~t800 
2,900 
3, 400 
3» 125 
3,000 
2,950 
2., 900 
2,950 
5p OOO 
6.~OO 
3 11 (t c~· 
~,O33 
4, 100 
4 , 40J 
4, lOl, 
4 , 200 
Sept. 
15 
3,900 
Ze 700 
Zt 100 
3 ~ 6 00 
3,2.25 
2 ,900 
3,050 
2, 900 
2, 950 
7D OOO 
4,300 
<ltD 000 
5, 100 
5,000 
5;500 
5»(;00 
Sf 167 
Sept. 
ZZ 
3,200 
Z~550 
2.,650 
3, 400 
2. 950 
3,,300 
3, 600 
3,700 
3, 533 
6,300 
5, 000 
3~ 9b(J 
5~ ISO 
Septo 
30 
2~800 
2,400 
2~500 
3,100 
Z~700 
2,650 
3,000 
2,800 
2,817 
5 ~ 800 
4 .. :;. '}Q 
,:! j 700 
4,933 
4,800 ·5, 80.0 
5, 200 5,300 
6, 300 5, 100 
5,433 5, 067 
Oct .. 
7 
1,700 
1,400 
18 470 
1,800 
1,59 3 
1,680 
1,750 
1,630 
1, 687 
3,8u0 
Z, 500 
2, z ~c'~ 
2. 850 
3. 000 
3,00 
3, 100 
3,-0 3 3 
THIJ;t! K. (..tJ::r. i ll,· talll. e NIE'asll:'~ :I1(": ~ : . . Catt:-tiJ Ly5l!neter ~ at Ogden Bay Hefuge. 
- ._._-----
1 red 1 -. T :1. l''..k .. ~ j) t'J 1 ~vl · ... " ,\1 <-1 y' J ~;; . c: June july July July A.ug. Aug. Sept. Sept . Sept. Oct. 
)neJ1~ "'\' _. u . IH .!. ~ p ) , .... 1 2.7 1Z 17;:- 24 14 30 15 2l 30 7 
._ -_._ -- _ . 
Micromhos per em 'at 25° c. 
A S 1,L l O 1:; t,50 L, 50U 1,750 2,,050 2, 770 2,400 2, .3 20 4, 100 5, 500 5,700 5,200 4,800 3, 100 
..., 1, 250 1, -;- HO c., -\00 l,b .SO 1 II H50 2.,l ~() 1, K70 1,700 '-,700 2.,600 3, 500 3,400 3,200 . 2,050 I 
12 1,~2.0 l,6MO 2,LLO " 1, 100 'J,58 0 2, 200 1£ 750 2 ~ OOO 3,600 4,600 5,200 ~~" 5 00 4,400 2, 700 
A vg . 1, L .. s I! 1, 703 2, ~40 I, ==)00 1,'8.2. 7 2,397 2,006 2,007 3 ,467 4,233 4,ROO 4,367 4, 133 2,617 
B L 1, 700 is 950 2., 500 2,050 l ,900 2, 500 2, 100 1, 100 5,400 4,500 7,40 0 7,500 6,700 5,300 
9 3 ~ 400 3 ~ 820 4, 100 l,820 1, 350 2.,600 2,430 2,530 6,300 7,200 8,600 8,000 7,50C 4,500 
10 2, 000 2,450 3,200 1,450 2,95C 2, 800 3,000 6,200 ~,OOO 8, 900 7,500 6,600 4,500 
Avg. 2,367 2,740 3,267 2, 107 2, II S 2,683 2&443 2,477 5,g 67 6,567 8,300 7,661 6,933 4,767 
C 4 550 1,680 2,450 1,900 2., 500 3,500 3, 2.50 3,000 6,800 8,000 9,500 9,500 8,800 6,500 
6 1,470 1,920 2, 600 2,350 2,560 3,520 3, 150 3,780 7,500 8, 500 9,000 8, 500 7, 700· 5, 000 
11 5,300 3,780 4,000 1,900 2 ,; 020 3,300 2,830 2,870 8, 100 9, 500 11:500 7,600 9, 100 5,500 
Avg. 2,106 2,460 3,017 2,050 2,360 3, 440 3, 077 3,21 7 7 ,467 8, 667 10, 00 0 8,533 8, 533 5,667 
D 1 2,670 2,730 2,950 2,810 3,700 ~ ,050 3,850 3,720 8,800 10,500 121 00 0 12,000 12, 00 0 11,000 
3 2.,500 2,550 3,000 2,420 3, 100 4,000 3,700 3,400 9, 500 12,0 00 12,500 10,500 10,lOO 7,000 
8 3,500 3,600 4,050 2,800 ' 2.,930 3~800 .j,400 4,800 15, 000 15,500 14/1 COO 12,000 7,300 
Avg. 2, 890 2,960 3, 333 2,677 3,243 3,950 .) l 6 .50 3,973 9 11 1 so 12,500 13,333 ! 2. , 167 11,400 8,433 
>:< First salt applied. 
:):) 
Table 9. Conductance Measurements in Olneyi Bulrush Lysimeters at Ogden Bay Refuge. 
Treat- Tank April May May June JW1e July July July. Aug. A.~. Sept • . Sept. Sept. Oct. 
ment No. 18 2 30 21 27 12 17* 24 14 30 15 22 30 7 
Mieromhos per em at 250 c. 
A 18 2,100 3,100 3,850 1,650 ,,850 2,000 \ 1,470 1,500 3,700 4,600 6,500 6,000 6,000 3,900 
21 1,250 2,430 3,000 2,200 500 780 700 1,040 2,500 2,400 3,200 2,800 2,350 1,320 
23 1,650 2,000 2,620 2,300 1,220 1,850 1,460 1,3!H[ 2, 500 3,800 4,800 4,600 4,600 3,000 
24 1,600 2,200 2,780 1,200 6pO 1,520 1,130 1,280 2,600 3,900 4,500 4,300 4,300 2,900 
Avg. 1,650 2,433 2,100 1,838 1,057 1,538 1, 190 1,293 2,825 3,675 4,750 4,425 4,313 2,780 
B 17 840 2,300 2,900 2,220 1,600 2,470 1,920 2,330 6,000 7,600 9,000 8,600 8,400 5,400 
20 500 2,050 2,800 2,500 1,750 2,400 1,830 1,780 5,300 8,100 9,000 8,200 7,800 5,300 
25 1,760 2,020 2,700 2,450 2,520 2,550 2,000 2,080 7,100 8,000 9,600 9,000 7,300 4,500 
Avg. 1,Oa3 2,123 2,800 2,390 1,957 2,473 1,917 2,063 6,133 7,900 9,200 8,600 7,867 5,067 
C 14 2,000 2,320 3,000 2,410 2,400 3,120 2,610 3,150 7,500 9,500 10,300 10,000 9,500 6,000 
19 480 2,000 2,750 2,700 2,500 3,180 2,680 2,850 6,100 8,500 10,000 9,600 8,800 5,500 
22 700 2,000 2,620 2,310 2,100 2,550 2,120 2,100 4,900 8,500 9,200 8,600 8,000 5,300 
Avg. 1,060 2,107 2,790 2,473 2,333 2,950 2,470 2,700 6,167 8,833 9,833 9,400 8,767 5,600 
D 13 2,000 2,230 2,900 1,900 2,600 3,220 2,720 4,150 16,000 17,000 16,000 14,000 8,000 
15 2,260 4,250 4,300 4,000 1,950 4,900 4,500 4,030 19,000 18,000 17,500 15,500 8,000 
16 3,200 3,200 3,550 3,200 3,420 3,900 3,320 4,770 15, 00011~; 500' 1 Si 500 .. l~, 000 10, 000 
Avg. 2,487 3,227 3,583 3,033 2,657 4,007 3,512 4,317 16,667 16,833 16,333 14,500 8,667 
* Fir st salt added. ...... 
-.D 
Table 10. Conductance Measurements in Hardstern Bulrush Lysimeters at Ogden Bay Refug e . 
Treat-Tank April May May June June July July July Aug. Aug. Sept. Sept. Sept. O c t. 
ment No. 18 2 30 21 27 12 1 7 ~:~ 24 14 30 15 22 30 7 
Micromhos per crn at 25 0 C. 
A 43 1,300 1,840 2,300 1,750 2, 120 2,850 2,380 2,120 3,200 2,400 2,400 2,800 5,GOO 3$40 0 
44 1,270 1,680 2, 110 1,800 '" 2,150 2,900 2,470 2,420 3,300 3,800 4,020 4, 100 4,300 2,600 
50 1,400 2,220 2,200 1,720 2,350 2,800 2,340 1,900 4,000 5,000 5,300 4,900 4,700 2,800 
Avg. 1,323 1,913 2,203 1,757 2,207 2,850 2,397 2, 147 3,500 3,733 3,907 3,93 j 4,73 3 ~ , 933 
B 42 1,370 1, 870 2,450 1,800 1, 530 1,700 1. 140 1,900 7,400 5,900 14,000 ] 3, 000 11,400 6,30 0 
45 1,600 1,910 2, 300 1,830 2,200 3, 120 2,380 2,570 5,200 4,900 9,000 8, 500 8,000 4,70 0 
49 1,560 2,020 2,200 2,210 2,600 3,100 2,700 2,780 5,000 5,900 7, 20 '-' 7,000 6,600 4,500 
Avg. 1, 510 2, 571 2, 317 1,947 2, 110 2,640 2,073 2,417 5,867 5, 567 10, 067 9, 500 8,667 5, 167 
C 46 1,560 2,140 2,470 2, 110 2,500 3,230 2,800 2,020 6,000 9,000 11,000 11,000 9,800 5,80 0 
47 1,600 1,950 2,270 2,150 2,620 3,200 2,720 3,200 7,500 8,500 11,000 10,300 9,500 .5 ,500 
48 3,200 3,150 2,700 2,250 2, 600 3,200 2,800 2,980 5,800 8,500 9, 600 9,000 8, 500 5,400 
Avg. 2,120 2,413 2,480 2, 170 2, 573 3,210 2,773 2,734 6,433 8,667 10, 5 -: 3 10,100 9,267 5, 567 
C 39 1,900 2,550 2,870 2,600 2,750 3,700 3,120 4,220 18,000 17,000 18,000 16,000 8,000 
40 1,600 2,220 2, 750 2,220 2,650 3,600 3, 100 3,380 9,000 15,000 15,500 17,000 15,500 8,000 
41 1, 130 1,970 2,500 2,100 2,520 ?,400 2,800 3,270 18,000 18,000 18,000 14,300 8,000 
Avg. 1,543 2,247 2,707 2,307 2,640 3,567 3,006 3,620 17,000 16,830 1/ ,667 15,267 8,0 00 
~:~ First salt applied. 
I',.. 
c 
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consumptive use. To obtain more information on the subject, eleven sets of 
piezometers were installed in the Howard Slough Refuge between April 22 
and April 25. Each set consisted of five 3/8 -inch pipe piezometers of the 
following lengths: 3. 5, 7. 0, 10. 5, 14. 0, and 17. 5 feet. They were spaced 
about 3 feet apart, and driven into the soil so that they proj ected approx-
imately 1. 3 feet above the ground surface. T he elevation of the tops of the 
piezometers was determined with an engineer l s level. 
The eleven sets were located at four different locations in the refuge. 
Sets one, two and three were near the northeast corner. Set one was placed 
outside (upstream side) of the levee, set two, 250 feet from set one on the 
inside of the levee, and set three, 100 feet from set two . 
Sets four, five and six were similarly placed near inlet 5. Sets seven, 
eight and nine located near outlet 2, and sets ten and eleven were placed near 
outlet 5, with set ten on the inside (upstream side) of the levee, and set 
eleven on the outside (downstream side). 
Readings were tJaken on the piezometers at varying time intervals. An 
analysis of the data obtained has not yet been made. 
SALINIT Y SURVEYS AT OTHER REFUGES 
Because of the urgency of other work, the salinity measurements at the 
other refuges were not started until May 26, 1961. Thereafter, the salinity 
measurements d 2 . w re rna e at to 3-week lntervals. 
22 
Ogdeu Bay Refuge 
The inflow to the Ogden Bay Refuge was also appreciably less in 1961 
than in 1960. During most of the summer there was no inflow. By July 
10, 1.961, the conductance at the main outlet from Unit 1 was 5000, where-
as in 1960 it was only 1200 on July 6. At the main outlet of Unit 3, it was 
5500 on July 10 as compared with 1000 on July 6, 1960. Both of the UI).its 
were reported dry on August 30, 1961. The results of the 1961 conduct-
ance measurements and comparisons with 1960 are summarized in Table 
11. 
Farmington Bay Refuge 
Conductance measurements at th~ Farmington Bay Refuge in 1961 are 
summarized in Table 12. In 1961 , additional measurements were made 
at each of the concrete outlet structures in the west unit, which was con-
structed in 1960 1 
Bear River Refuge 
At the Bear River Refuge it is the normal practice to close all of the 
outlets about the time that all of the flow is diverted into the irrigation 
canals at Cutler Darn. This occurred earlier than usual in 1960, but 
::still earlier in 1961. In 1961 the outlets were closed when the first 
sal" "t 
lnl y measurements were made on May 26 . Because of the dry winter 
and prospects for a very low summer flow in the Bear River, Ole water 
Table II. Conductance MeasureITlents at Ogden Bay Refuge, SUITlrner of 1961 
COITlpared with SUITlITler of 1960 . 
Location 1961 June 9 June 27 July 10 Aug. 5 Aug. 30 Sept . 22 
ITlicrornhos per crn at 25~C 
Inlet, Unit 1 1. 060 1 , 120 1 , 200 1,700 1 , 800 650 
Main Outlet , Unit 1 2,980 3 , 300 5 , 000 5,900 dry 1 , 000 
Inlet , Unit 3 980 930 1 , 030 1,070 dry 820 
Main outlet, Unit 3 4, 150 4 , 600 5 , 500 dry dry dry 
Location 1961 June 7 June 17 July 6 July 22 Aug .. 17 'sept. 9 
rnicroITlhos per CITl at 25 0 C 
Inlet, Unit 1 840 860 850 7-70 795 740 
Main Outlet, Unit 1 1,360 1 , 060 1,200 1 , 500 1,850 1,780 
Inlet, Unit 3 610 800 570 600 610 625 
Main Outlet, Unit 3 1,550 1 , 260 1 , 000 1 , 800 3,680 4,000 
Oct. 20 
800 
2 , 400 
750 
2,800 
Oct. 25 
980 
2,400 
1,050 
3,700 
Nov. 14 
750 
1 , 900 
600 
2 , 400 
Nov. 22 
840 
1,350 
850 
2,400 
N 
LN 
Table 12. Conductance Measurements, Farmington Bay Refuge, 1961. 
Location June 9 June 29 July 19 Aug . 4 Aug. 15 Sept. 1 Sept. 30 Oct. 13 Nov. 17 
North and South Unit s 
I Inlet 2 530 700 2 , 000 2 , 000 2,750 2, 80{)~ 580 1,000 600 
. Inlet 6 2 , 400 4 , 080 2 , 000 1 , 900 2,250 2 , 530 1,400 1,250 1,700 
Inlet 10 2 , 120 2 , 050 2 , 000 1,850 2,050 2 , 270-.. 1,200 1,590 1, ~OO 
Jordan Canal, North Unit 1,700 1 , 810 1 , 700 1 , 750 2,120 2 , 200 1,600 1, 800 1 , 500 
Jordan Canal, South Unit 1,750 1,630 1,800 1 , 800 2 , 250 2 , 100 1, .700 1 , 980 1,5 00 
Outlet , South Unit 4,200 5 , 150 4,800 4 , 600 6,400 6 , 000 5,400 4,800 2 , 600 
South Outlet, North Unit 3 , 600 4,600 5,800 6,000 9,000 7 , 500 6,500 5,000 3,200 
North Outlet , North Unit 3,500 .4 , 350 4,550 6 , 000 9 , 000 7,600 6,200 5,900 3 , 400 
·Concrete Outlets from West Unit* 
First 3,700 4,400 4,900 4,200 5,800 6,450 4!, 1'00 6,aOO 3,500 
Second 3,800 4,600 4 , 700 4,200 5,800 6,300 5,500 6,500 3,400 
Third 4,600 5,600 4 , 100 4,500 5,900 6,8QO 7,000 5,900 3 , 700 
Fourth 5,400 5,600 5 , 000 5,200 8,500 7,500 7 , 500 4,800 4,000 
Fifth 4,800 5,600 6,500 6,700 7,500 7,500 6,800 4,~00 2,800 
Sixth 5,000 5,600 6,900 q,JOO 6,000 7,500 7,000 4,800 3,QOO 
Average 4,600 5,250 5,300 5,300 6,600 7,000 3,800 5,500 3,400 
~:c Numbered from _southwest end of dike. 
N 
~ 
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was stored in ~nits at higher than usual levels. 
Because of its low priority for summer flow, Unit 1 frequently dries 
up during the summer. The records indicate that it was dry at all of the 
outlets of Unit 1 on August 18, 1960, but that there was still some water 
at all of the outlet on August 11, 1961, although they were all dry on 
September 2. The highest reported conductance at the outlets was 6500 
in 1960 and 20 , 000 in 1961. Tests on diluted samples taken on August 
31, 1959 , at outlets 2 and 3 of Unit 1 , gave conductance values of 51,500 
and 23,300. These are not comparable with direct measurements because 
the calculated conductance from diluted samples is always gre ater than 
would be obtained from direct measurements. It is believed that the 
lower conductances in Unit 1 in 1960 was due to less saline water enter-
ing the refuge from the public shooting grounds. Tlte data are in Table 13. 
Public Shooting Ground s 
The salinity 'condition in the Public Shooting Grounds during 1961 are 
summarized in Table 14. As comparecl with 1960 the salinity levels were 
generally higher, and Hull Lake was dry at an earlier date. It is understood 
that Hull Lake was drained before it dried up. This should be beneficial in 
re . f 
mOving rom the lake area a large amount of salt still in solution. 
Summary and Conclusions 
The dry s eason and very 1 fl 
ow ow in Howard Slough during 1961 resulted in 
the Hov/ard Slough Refuge d 
rying up early in the season. This condition made it 
impos sible to determine the 
consumptive use from inflow and outflow measurement s. 
Table 13. Conductance Measurements at Bear River Refuge" 1961 
Location May 26 June 9 July 1 July 28 Aug. 11 Sept. 2 Sept. 21 Oct. 5 Oct. 26 
Unit 1 and 2 
Inflow at Hdqrs. 3,100 4,200 4,700 3,300 5,400 5,200 3,400 3,900 1, 400 
Inflow at Whistler C. 
Outlet s, Unit 1 a vg. 8,100* 7,470 9,830 10,000* 17,000 dry 6,800 8,870 6,330 
Outlets, Unit 2 avg. 2, 135 3, 170 3, 530 4,680 6,030 7,430 7,780 7,230 4,350 
Unit 3 
Inflow at Duck Club 3,500 4,000 4,200 3,300 5,400 5,000 3,400 4, 100 1,350 
Outlets, avg. 3,430 3,~40 5,300 9,230 13,300 28,600 10,000 5,320 4,300 
Unit 4 
Inflow at Whistler C. 3,300 3,250 4, 850 3,300 4,400 4,300 3, 100 1, 100 
Outlets, avg. 5,030 3,~40 5, 100 5,300 6,430 6,630 4,470 8,570 1, 870 
Unit 5 
Inflow at Reeder C. 4,400 4,,200 5,500 3,400 5,200 5,200 4, -1-00 1, 300 
Outlets, avg. 2,<)10 2,640 3,300 5,070 6,530 8,400 8,200 4,050 1,930 
". Indicates the average was greater than figure given as the conductance at one or more of the ' ,' 
outlets exceeded the -range of the meter, 10,000 micromhos. 
Readings beginning on August 11 were made with a different meter with a range up to 40, 000 micromhos. 
N 
0" 
Salinity Measurelnents at the Public Shooting Grounds Refuge and of Streams Contributing to the Bear 
River and Bear River Marshes 
Loc..ation May 26 ' June 9 July 1 July 14 July 28 Aug. 11 Sept. 1 Sept. 21 Oct. 5 
micromhos per cm at 25 0 C. 
Public Shooting Grounds: North Area 
West Stream 6,0,00 4,200 8,900 5 , 600 8 , 400 14,000 14 , 000 4,400 10,QOO 
East Stream 3,900 3,600 '- 4 , 400 3 , 500 3,120 . 4; }OO 4: ~ 200 3,000 4,400 
Outflow from CrocKer Lake 5,500 5,700 8 , 000 6,200 5,800 10,000 8 , 000 3,900 8,100 
Public Shooting Grounds : South Area 
Inflow_from Olneyi Bulrush 
Marsh 1,600 1,570 2,400 2 , 000 1 , 400 3,8DO 1,660 1 , 330 3,600 
Outflow Hull Lake 1 2,. 000 1 0 , 800 12 , OOO~:~ dry dry dry dry dry dry 
Outflow Pintail Lake 7,000 7,700 12,000* 16,000 18 , 000 6,500 6,000 
Outflow Widgeon Lake 9,30D 11,000 12, OOO~~ 17,000 35,000 14 , 000 9.,, 000 
Other Streams : 
Bear River E . of Tremonton 1,200 1. 140 1,400 1,060 1,100 1 , 400 1,300 1,050 750 
Malad River at Tremonton 4,250 4,000 4,400 3,100 3 , 360 4,700 4,100 3,100 3,700 
Sulfur Creek, Highway 83 3,650 3,200 3,400 2,580 2,800 3, 6.5 0 3,500 2,000 2,80Q 
Canal on Highway 83 850 720 1,000 750 750 950 840 1,000 1,500 
Canal near Deweyville 740 760 1,200 750 780 7130 820 940 670 
/ 
Exceeded capacity of conductance meter RQ 1-7 -CH3C-Rl9"; higher readings were made with meter RB1881. 
Oct. 26 
3 , 800 
3,400 
7,500 
3,300 
7 , 500 
5,400 
6 , 500 
700 
2,400 
3,000 
830 
720 
N 
-J 
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Also because of the drier season and lower flows the salinity level s ln 
all of the refuges was somewhat higher than in 1960. 
The growth in the salinity lysimeters as Ogden Bay Refuge was very good 
during the early part of the season. Differential salinity treatments were 
introduced late in the season. No distinct difference in appearance of the 
plants was noted before the end of the season. Differences in growth and appearanc 
are expected in 1962. 
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APPENDIX 
Part V 
Climatological Data at 
Ogden Bay R~fuge an.d Howard Slough Refuge 
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Table 15. CliITlatological Data at Ogden Bay Refuge, April and May 1961. 
T eITlperat
4
ure Precipi- T eITlperature Precipi-
Date Max. Min. Avg. tat ion Max. Min. Avg. tation 
of of of Inches of of of Inches 
April May 
1 56 41 48 .. 50 74 40 57.00 
2 67 42 54.50 59 39 49.00 
3 70 42 56.00 66 39 52.50 
4 55 35 45.00 61 34 47.50 
5 52 32 42.00 54 26 40.00 
6 53 28 40.50 60 31 45.50 . 02 
7 52 36 44.00 60 41 50.50 
8 49 31 40.00 65 36 50.50 
9 50 40 45.00 o. 18 75 40 57.50 
10 51 34 42.50 79 50 64.50 
11 54 32 43.00 64 40 52 ... 00 
12 62 38 50.00 52 40 46.00 
13 55 32 43.50 0.64 65 41 53.00 
14 48 33 40. 50 61 36 48.50 
15 56 31 43.50 54 40 47.00 .04 
16 60 32 46.00 62 38 50.00 
17 68 38 53.00 71 38 54.50 
18 66 52 59.00 64 50 57.00 
19 52 38 I 45.00 76 47 61.50 
2.0 52 34 43.00 74 52 63.00 
21 63 35 49.00 74 46 60.00 
22 63 34 48.50 80 46 63. 00-
2.3 50 28 39.00 ::::: 82 45 63.50 
24 45 27 36.00 ", 88 64 76.00 ',' 
2.5 55 34 44.50 . 19 89 64 76.50 
2.6 58 34 46.00 86 59 72.50 27 63 37 50.00 82 48 65.00 28 70 35 52.50 88 52 70.00 2.9 73 41 57.00 87 54 71,50 30 " 64 43 63.50 31 53.50 73 54 
Total 81 49 65,00 .16 
Vg. 1395.50 1. 01 1793.00 , 22 57.7 35.6 46.68 71. 2 44.5 57.84 
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Table 16. Climatological Data at Ogden Bay Refuge and Howard Slough 
R ef ug e , J un e 1 9 61 . 
Temperature Precipi- Temperature Precipi-
Date Max. Min. Avg. tation Max. Min. Avg. tation 
of of of Inches of of of inches 
Ogden Bay Refuge Howard Slough Refuge 
1 80 51 65.50 78 54 66.00 
2 70 43 ~ 6.50 78 48 63.00 
71 46 58.50 ,', 69 47 58.00 ,', 3 ',- ',' 
4 68 50 59.00 0.38 66 50 58.00 0.37 
5 70 52 61.00 67 54 61.00 
6 82 48 65.00 82 50 66.00 
7 84 56 70.00 82 56 69.00 
8 88 52 70.00 87 60 73.50 
9 85 60 72.510 85 60 72.50 
10 86 54 70.00 86 56 71.00 
11 88 56 72.00 90 58 74.00 
12 76 60 68.00 76 60 68.00 
13 75 50 62.50 78 52 65.00 
14 83 51 67.00 80 52 66.00 
15 85 58 71.50 82 62 72.00 
16 87 54 70.50 86 56 71.00 
17 90 56 73.00 90 57 73.50 
18 93 55 74.00 94 60 77 .. 00 
19 91 56 73.50 91 60 75~ 5(1 
20 92 ~ 56 74.00 94 58 76.00 
21 94 55 74.50 90 56 73. .. 00 
22 94 58 76.00 94 58 76.00 
23 95 60 77.50 95 60 77.50 
24 92 59 75.50 92 59 75.50 
25 92 58 75.00 92 58 75.00 
26 94 60 77.00 94 60 77.00 
27 92 61 76.50 92 61 76.50 28 94 60 77.00 94 60 77 e' 00 29 90 67 78.50 90 64 77.00 30 86 57 71. 50 86 54 70.00 
Total 2123 . .5.() 0.38 2131. 0 0.37 Avg. 85.6 55.3 7 O. 4'5 85.3 56.7 71. 03 
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Table 17. Climatological Data at Ogden Bay Refuge and Howard Slough 
Ref ug e , J ul y 1 9 61 . 
Temperature Precipi- Temperature Precipi-
Date Max. Min. Avg. tation Max. Min. Avg. tat ion 
of of of Inches of of of Inches 
Ogden Bay Re fuge Howard Slough Refuge 
:~, .-;' 
1 88 54 71. 00 86 54 70.00 
2 94 49 71. 50 95 51 73.00 
3 86 63 74.50 0.65 90 65 77.50 .46 
4 66 58 62.00 0.25 68 62 65 .. 00 . 18 
5 85 54 69.50 86 54 70.00 
6 91 57 74.00 92 60 76.00 
7 86 60 73.00 91 63 77.00 
8 95 60 77;.50 92 62 77.00 
9 94 58 76.00 96 60 78.00 
10 92 60 76.00 .02 94 62 78 .. 00 
11 86 54 70.00 86 55 70.,50 
12 88 54 71. 00 90 58 74.00 
13 87 62 74.50 91 60 75.50 
14 89 68 78.50 90 67 78.50 
15 92 60 76.00 94 59 76.50 
16 93 60 76.50 95 59 77.00 
17 90 60 75.00 92 61 76.50 
18 91 58 74.50 94 58 76.00 
19 90 57 73.50 93 57 7-5. 00 
20 88 5,7 72.50 88 64 7€J..00 
21 87 60 73.50 86 61 73.50 
22 91 54 72.50 92 58 75.00 
23 94 59 76.50 96 64 - 80. 00 
24 90 66 78. ,00 92 66 79 .. 00 
25 90 69 79.50 90 69 79-.50 
26 92 60 76.00 95 62 78.50 
27 90 65 77.50 94 66 80.00 
28 93 60 76.50 98 63 80.50 29 94 65 79.50 98 66 82.00 30 91 65 78.00 94 70 82.00 31 85 65 75.00 90 67 78.50 
Total 
2309.50 Avg. 0.92 2365.50 0.64 89.3 59.7 74.50 91. 2 61. 4 76. 31 
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Table 18. Climatological Data at Ogden Bay Refuge and Howard Slough 
Refuge, August 1961. 
Temperature Precipi- Temperature Precipi-
Date Max. Min. Avg. tation Max. Min. Avg. tation 
of of of Inches of of of Inches 
Ogden Bay Refuge Howard Slough Refuge 
1 90 58 74.0 94 58 76.0 
2 90 59 74.5 93 62 77.5 
3 92 61 76.5 97 63 80.0 
4 90 65 77.5 93 67 80.0 
5 88 68 78.0 92 68 80.0 
6 86 64 75.0 . 06 88 64 76.0 .06 
7 84 58 71.0 87 65 76.0 
8 86 62 74.0 88 64 76.0 
9 90 64 77.0 90 64 77.0 
10 92 61 76.5 92 61 76.5 
11 92 64 78.0 92 64 78.0 
12 82 58 70.0 
· 03 82 58 70.0 
13 86 56 71. 0 86 56 71.0 
14 90 64 77.0 90 64 77.0 
15 91 61 76.0 
· 22 91 61 76.0 . 1 7 
16 90 54 72.0 90 54 72.0 
17 96 56 76.0 96 56 76.0 
18 98 58 78.0 98 58 78.0 
19 88 70 79.0 88 70 79.0 
lO 92 ) 60 76.0 92 60 76~0 
21 91 56. 73.5 91 56 - 73.5 
II 82 59 . . 70.5 82 59 70.5 
23 83 61 71.5 . 19 83 61 71.5 . 16 
24 86 59 72.5 86 59 72.5 
25 87 58 72.5 
· 08 87 58 72.5 . 07 
26 86 54 70.0 86 54 70.0 l7 92 54 73.0 92 54 73.0 
28 90 70 80.0 90 70 80.0 29 82 60 71. 0 82 60 71.0 30 84 53 68.5 84 53 68.5 31 82 58 70.0 82 58 70.0 
Total 2300.0 . 58 2321.0 .46 Avg. 88.3 60.1 74.2 89. 2 60.6 74.9 
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Table J.19. Climatological Data at Ogden Bay Refuge and Howard Slough 
Refuge, September 1961. 
Temperature Precipi- Temperature Precipi-
Date Max. Min. Avg. tation Max. Min .. Avg. tation 
of of of Inches of of of Inches 
Ogden Bay Refuge Howard Slough Refuge 
1 84 54 69.00 87 56 71.50 
2 64 47 55.50 61 43. 52.00 
3 68 39 53.50 68 38 53.00 
4 73 39 56. 00 73 39 56 .. 00 
5 76 43 59.50 76 43 59 .. 50 
6 80 54 67.00 80 54 67.00 
7 83 53 68.00 86 53 69.50 
8 81 51 66.00 .04 82 50 66.00 .04 
9 74 50 62.00 . 19 76 49 62.50 . 18 
10 74 46 60.00 .' O..l 74 44 59 .. 00 .01 
11 76 50 63.00 80 50 65.00 
12 70 41 55.50 69 38 53.50 
13 73 40 56.50 74 36 55.00 
14 80 40 60.00 77 40 58.50 
15 80 54 67.00 . 03 82 54 68.00 . 03 
16 76 60 68.00 
· 02 79 60 69.50 .02 
17 73 55 64.00 
· 08 76 56 66.00 . 07 
18 56 48 52.00 .99 57 48 52.50 .94 
19 58 46 52.00 
· 69 57 47 52.00 t 66 
20 65 45 55.00 
· 02 66 45 55.50 .02 
21 52 44 48.00 50 39 44.50 
2l 58 44 51. 00 56 35 45.50 
23 58 34 46.00 59 38 48.50 
24 57 36 . 46.50 55 33 44.00 
25 63 33 48.00 63 34 48.50 
26 68 37 52.50 66 40 53.00 
27 71 38 54.50 71 34 52.50 
28 67 45, 56.00 68 45 56.50 
29 58 34 4&.00 58 34. - 46.00 30 62 43 52.50 60 46 53.00 
Total 1710.5 2.07 1703.5 1.97 Avg. 69.7 44.8 57.02 69. 5 44.0 56.80 
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Table 20. Climatological Data for Ogden Ba:y" - Refuge and Howard Slough 
Refuge, October 1961. 
Temperature Precipi- Tempera ture Precipi-
Date Max. Min. Avg. tation Max. Min. Avg. tation 
OF OF OF Inches OF OF OF Inches 
Ogden Bay Refuge Howard Slough Refuge 
1 63 39 51.0 61 40 50.5 
2 65 32 48.5 65 3~. 49.0 
3 68 33 50.5 ~ 68 32. 50.0 \ , r 
4 70 36 53. 0 70 35 52.5 
5 75 36 J 55.5 75 36 55.5 
6 75 42 58.5 76 40 58.0 
7 45 41 43.0 . 09 43 38 40.5 . 08 
8 54 38 46.0 52 38 45.0 
9 51 40 45.5 56 39 47.5 : 
10 58 39 48.5 . 57 56 38 47.0 .48 
11 57 45 51. 0 58 44 51. 0 
12 63 45 54.0 62 44 53.0 
r3 68 42 55.0 66 40 53.0 
14 73 42 57.5 72 40 56.0 
15 72 42 57 .. 0 71 42 56.0 
16 73 41 57.0 72 40 56.0 
17 72 44 58.0 71 44 57.5 
18 64 38 51. 0 64 34 49.0 
19 69 34 51. 5 67 33 50.0 
20 72 50 61. 0- 72 40 56.0 
21 70 34 52.0 - 68 33 50.5 
22 44 32 38.0 .47 42 29 35.5 .46 
23 42 28 35.0 40 26 33.0 
24 53 33 43.0 50 31 40.5 
25 58 28 43.0 53 28 40.5 
26 60 37 48.5 60 36 48.0 
27 51 35 43.0 50 36 43.0 28 38 34 36.0 38 33 35.5 29 
30 41 34 37.5 40 33 36.5 
31 48 31 39.5 47 30 38.5 53 34 43.5 50 32 41.0 
Total 
1512.0 1. 13 1475.5 1.02 Avg 60.2 37.4 48.8 59.2 36.0 47.6 
Part VI 
The Influence of Salinity on the Growth and 
Reproduction of Marsh Plants 
by 
D. K. Kaushik, J. B. Low, and J. W. Teeter 
The Influence of Salinity on the Growth and 
Re production of Mar sh Plants 
INTR ODUCT ION 
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The water resources of the State of Utah are rapidly being developed 
for agriculture and industry. They are so extensively exploited thatthe"ir use 
must be justified on the basis of need and efficiency of utilization. A large 
amount of research has been conducted to determine the water requirements 
of agricultural crops, but relatively little is known about quality and quantity 
of water needed to as sure good growth of the more important waterfowl 
plants. Experiments are, therefore, being conducted in the greenhouse at 
Utah State University and .in the field at Ogden Bay Bird Refuge, in order to 
collect data that will assist in determining the quality of water needed to 
maintain the salt balance below the lethal level for desirable plants. Results 
of the experiments so far conducted are given in this report. However, more 
experimentation is needed to determine with accuracy the final results. 
MATERIALS AND METHODS 
1. Experimental Plant s: 
Cattail ( Typha latifolia), hardstem bulrush ( Scirpus acutus), and 
alkali bulrush (Scirpus paludosus) were selected as experimental plants. 
Cattail seeds were collected in April 1961, from Ogden Bay Bird Refuge. 
Hardstem bulrush and alkali bu\rush seeds were collected in August 1961 } 
from Ogden Bay Bir--d Refuge. These plants after acclamatization for about 
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a week in the greenhouse were treated with water at different salinity 
levels. One crop of each of these plants was grown in the greenhouse 
from Rhizomes brought from Ogden Bay Bird Refuge for salinity study 
experiments. Two replications of cattail have been completed from 
seed stage in the greenhouse. One crop of cattail and three each of 
hardstem bulrush and alkali bulrush from seed stage have yet to be 
c ulti vated. 
2. Salinity tr eatment level s; 
Calcium chloride and sodium chloride in the ratio of 1: 2 were used 
as salts for various levels of salinity concentration. All treatments, 
including control, contained basic nutritive solution. A sample 
nutritive treatment mixture and the salt levels are given in table 1. 
Oth er salt concentrations were used in different experiments. 
In experiments at Ogden Bay Bird Refuge, salts were applied on 
conductivity basis. These figures can be interconverted from m. e. /1. 
to ppmto conductance in micromhos/cm. Roughly their relative ratio 
may be expressed as: 6 50 m. e. /1 = 3,200 ppm = 5, 000 Ec X 10 . 
Table 1. Nutritive solution and treatment mi;xt~res used on cattail 
and hardstem. bulrush. 
Salts 
- milliequivalents per liter 
Treatment 
Ca(N03 ) KN03 MgS04 KH2P04 NaCl CaC12 
Control (N. S.) 14.4 14.4 14.4 14.4 
90+N.S. " 
II 
" " 
60 30 
120 + N. S. II 
" 
'I · 
" 
80 40 
150+N.S. II II 
" " 
100 50 
180 +N . S. 
" " " " 
120 60 
3. Technique 
39 
The water t illture technique was adopted in laboratory and greenhouse 
experiments, and the steel drum culture method was followed for the ex-
periments in the field at Ogden Bay Refuge. Seed germination experiments 
were done in petri dishes on moist filter paper, which were placed in an 
incubator for seed germination. Experiments on young plants were con-
ducted in plastic jars (Fig. 1) For studies on the effect of salinity on 
J 
adult plants, bottles of about three liters capacity were used. Arrangement 
was made for aeration of the roots of all plants in each bottle, as demon-
strated in Fig. 2. A complete set ~ of water c.ult.ure '~xperirner1ts in the 
greenhouse and drum culture at Ogden Bay Refuge is illustrated in 
Figures 3 and 4 respectively. The solution was changed once a week 
in the greenhouse water culture experiments. The pH of the solution was 
adjusted at 6 by using Q. 1 N H2S04 in the greenhouse experiments. In the drum 
Fig. l . Apparatus used to determine salinity tolerence limits 
on young cattail and hardstem bulrush plants. 
Bottles showing aeration arrangp.ment used in the study 
of salinity toierence of adult cattail and bulrush plants. 
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Fi g. 3. 
Fig. 4. 
Water cultur~ in the green-house to det ermine s alinity 
tolerence of c~ttiil and hardstem bulrush plant s. 
Drum culture at Og Bay to determine salinity t olerence of 
cattail, hardstem bul~Jsh and alkali bul rush plants. 
41 
42 
culture experiment a standpipe was fixed in one side of the drum to aid 
ln circulation of the treatment solution. 
4. Experimental Methods 
(a) Physical Data: Data were collected on the influence of salinity on 
seed germination, on vegetative growth of young plants, and on growth 
and seed production of adult plants. 
(b) Chemical Data: Following the collection of the physical data the 
experimental plants were analyzed for osmotic pressure and chloride 
accumulation in plant cell sap. The freezing-point depression method 
was used for finding the osmotic pressure. The Coneway cell method 
was used for estimating the accumulation of chloride in the cell sap. Some 
dried samples of plant material have been analyzed for sodium and potassium. 
Calcium and magnesium will be analyzed by ETDA method. Phosphorus 
will be determined colorimetrically. 
RESULTS AND DISCUSSION 
Laboratory and Greenhouse Experiments on Salinity Tolerances. Seed 
Germination in Relation to Salinity. Experiment s on seed germination were 
conducted on cattail seeds only. Experiments on hardstem bulrush and 
alkali bulrush will start shortly. The following expe riments were conducted 
on germination of cattail seeds. Results of the experiments are summarized 
in tables 2-8. 
1. Maximum tolerance limit for germination of cattail seeds in different 
salinity treatment levels (table 2). 
In this experiment seeds were sown in petri dishes on filter paper 
moistened in salinity levels of 0, 30, 60, 90, 120, lSD, 180,210, and 
240 m. e. 140f CaC12 and NaCl in the ratio of 1:2. Petri dishes were 
placed in incubators at 7S oF. Results were assessed after an 8-day ~ 
period. Ten petri dishes were used for each level of treatment. There 
were ten seeds placed in each petri dish for germination. Thus, there 
were 100 seeds for each level. 
While 80 percent of the seeds germinated in the control, there was 
no germination beyond ISO m. e. Il.treatment level. Difference between 
control and 30 m. e. 11. tre~tment was negligible. There was steady 
decrease in percent germination beyond this level. 
Table 2. Effect of salinity on germination of cattail seeds. 
TREATMENT m.e. per litre 
0 30 60 90 120 ISO 180 210 240 
Seed 
oown 100 100 100 100 lOa 100 100 100 100 
0/0 germ- 80 79 61 30 3 . S 0 0 0 
ination 
2. Time required for cattail seed germination after sowing in different 
salt concentrations (table 3). 
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Seeds were sown as in experiment 1. Here treatment levels were 
0,30,60,90, and 120 m.e. /1. of CaC12 and NaCl in the ratio of 1:2. 
Tne number of seeds germinated were recorded 3,4,5,6,7,8,9, and 
10 days after sowing. Temperature of incubator was set at 7 50 F. 
Table 3. Time required for cattail seed germination after sowil1g 
in different salt conc entrations. 
Treat- Seeds Days after Sowing 
ment(m. e. /1. ) so\vn 3 4 5 6 7 8 9 10 
0 100 24.5 34.0 71.0 79.0 81.5 84.0 85.0 85.0 
30 100 23..5 39,.0 67.0 74.5 76.5 80.0 80.5 81. 5 
60 100 17.0 30.0 55.5 61. 0 64.0 66.5 68.0 69.0 
90 100 2.5 9.0 14.5 29.0 29.5 31. 5 32.0 32.5 
120 100 0 0 0.5 2.5 5.0 7. 5 7.5 8.0 
3. Recovery in water of cattail seed germination after treatment at different 
salinity levels (table 4). 
This experiment was conducted to learn whether those seeds which do 
not germinate in higher salt concentrations will germinate when washed and 
set for regermination in water. Three high-treatment levels 90, 120,. and 
150 m,. e. /1. of CaC 12 and NaCl in the ratio of 1: 2 were selected as salinity 
levels. Seeds were sown in petri dishes moistened in treatment solutions 
containing the above-mentioned salt concentrations. Seeds were sown at 
these levels for 6,8,10, and 20 days. The seeds which did not germinate 
were washed and set for regermination in tap water. Recovery in water 
Table 4. 
Duration 
of initial 
treat-
ment 
days 
6 
8 
10 
20 
Recovery in water of cattail seed germination after treatment at different salinity levels. 
TREATMENT (m. e. / 1. ) 
0 90 120 150 
Germ. Seeds Reeov. Germ. Seeds Reeov. Germ. Seeds Reeov. Germ. Seeds Reeov. 
% not in % not in % not in % not in 
germ. water,- gerITll water germ. water germ, water 
82.50 17.50 22.77 20.00 80.0 58.40 0 100 33.33 0 100 22.50 
85.83 14.17 24.76 25.84 74. 16 71. 82 5.0 95.0 30.06 1. 67 98.3320.31 
86.66 13.34 5.55 29.16 70.84 62. 19 5.0 95.0 24.80 0 100 18.33 
92.50 7.50 0 35.84 64. 16 40. 16 10.0 90.0 14.57 0.83 99.17 9.25 
~ 
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was assessed after 6 days. Temperature of the incubator was set at 75 0 F. 
Percent recovery of seed germination in control was as low as 27. 77 
while recovery was a high as 85.4 in treatment levels containing 90 m. e. /1. 
of salts. Recovery , however, again fell down at 120-and ISO-treatment levels. 
Percent recovery decreased with increased number of days treatment at all 
level s of salt conc entration. 
4. Water absorption by cattail seeds in different salinity levels. (table 5). 
Two .hundred seeds were placed in each petri dish containing solutions of 
0, 30, 60, 90, and 120 m. e. /1. of GaG12 and NaGI in the ratio of 1:2. The 
seeds were soaked in distilled water for five minutes and then dried between 
fol ds of dried filter paper for a few seconds. (This was done to enable the 
hairy part of the seeds to absorb the moisture.) The seeds were weighed 
four times, before transfer into the petri dishes, and after one, two and three 
days. The differences between the first and the second weights are assumed 
to be water absorbed by the seeds. Temperature of the incubator was set 
at 75 0 F. 
The amount of water absorbed by the seeds was greater in all treatments 
after three days than after one and two days. There was not much difference 
between the amount of water absorbed by seeds under the control and the 
30-level treatment. Water absorption steadily decreased with increased salt 
concentration. Water absorbed by seeds in the control after three days was more 
than twice that in the petri dishes having 120 m. e. /1. treatment solution. 
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Table 5. Water absorption by cattail seeds in different salinity levels 
Water absorption (g) 
Treatment D A Y S 
m. e. /lo 1 2 3 
0 0.96 2.52 3.46 
30 0.90 2.28 3.36 
60 0.81 1. 21 1. 32 
90 0.70 0.94 1. 23 
120 0.62 0.79 1. 06 
5. Effect of temperature, light, and salinity on cattail seed gertnination 
(table 6 ). 
In this experitnent sotne seeds were set for gertnination in petri dishes 
as usual in a lighted incubator. Others were gertninated in a dark incubator. 
Temperatures were set at 75 0 F, 85 0 F, and at 95 0 F. Gertnination was assessed 
after 8 days. 
There does not seetn to be a significant difference in percentage of germina-
tion between seeds sown at 7 5 0 F, and 85 0 F. At 9 50 F, however, t he seed 
germination percentage was much less. At all treattnent levels seed germination 
was higher in the lighted incubator than in the darkened one. A.s before, percent 
germination decreased with the increase in salt concentration. 
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Table 6. Effect of temperature, light, and salinity on cattail seed germination 
Treatment. Condition TEMPERATURE (F) 
(m. e. /1. ) 75 85 95 
Light 81. 66 82.50 71. 66 
0 
Dark 65.00 72.40 61. 66 
Light 81. 66 79.16 67.50 
30 
Dark 54 . 16 66.66 56.66 
Light 63.33 65.00 58. 22 
60 
Dark 41.66 58.33 41. 66 
Light 36.66 35.00 22.50 
90 
Dark 17.50 21. 66 5.83 
6. Effect of moisture c ontent, pH, salinity on cattail seed germination (table 7). 
In this experiment seeds were sown as usual on moist filter paper in petri 
J 
dishes. In another set of petri dishes 10 m1. of solution were added so that the 
seeds were floating on the solution above the filter paper. In one group of petri 
dishes the solution was adjusted to pH 5.5-6.0 using .IN H2S , 4, and in the o ther 
pH was set to 7.5-8.0 using. 1 Na H . Germination was assessed after 8 days. 
Temperature of incubators was set at 75 0 F . 
There was a higher percent germination in all treatments on moist filter 
paper. Acidic media seem to be more favorab le for seed germination than 
alkaline solution under all treatments. Results are given in percentage 
of germination. 
Table 7. Effect of Moisture content, pH, and salinity on cattail seed 
germination. 
Series Treatment - millequivalents per liter 
0 30 60 90 
0/0 0/0 0/0 0/0 
pH 5. 5-6. 0 (Moist) 82.50 80.00 63.33 37.50 
pH ·5.5-6.0 (Floating) 70.00 65.00 57.50 23.33 
pH 7. 5-8. 0 (Moist) 72.50 65.83 60.00 31.76 
pH 7. 5-8. 0 (Floating) 60.00 53.33 45.00 15.83 
7. Effect of salinity on cattail seed germination stored under different 
conditions (table 8). 
Two sets of seeds were stored in water. One set was frozen in 
water in a refrigerator and the other set was kept in water in the 
laboratory at room temperature. Similarly, two other sets of seeds 
were stored in mud, with one set frozen and the other kept in the 
laboratory at room temperature. Two additional sets were stored 
dry, with one set frozen and the other kept at room temperature. The 
seeds were sown as usual in petri dishes. The temperature of the 
incubators was set at 75 0 F. Germination was counted after e~ight 'd~ys. 
Seeds stored dry and frozen gave the best seed germination at all 
treatment levels. There was very poor germination in seeds stored in 
rnud. Results are given in percentage. 
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Table 8. Effect of salinity on cattai l seed germination stored under 
diff er ent conditions. 
Seeds Stored in Water Seeds Stored in Mud Seeds Stored Dry 
Treatment 
m. e. / 1. Frozen In Lab. Frozen In Lab. Frozen In Lab. 
0 38.33 35.83 20.00 12. 50 84.16 80.83 
30 45.83 42.50 13. 33 10.83 80.00 79.17 
60 27.50 25.00 14. 16 9.16 62.50 60.00 
90 14. 16 10.83 2.50 0 34. 16 28.33 
Salinity Tolerance Studies on Young Plants 
1. Effect of salinity on hypocotyle and radicle development in different salt 
concentrations (table 9). 
Fifty seeds were sown in petri dishes on moist filter paper in different 
salt concentrations. There were four petri dishes containing a total of 200 
seeds in each treatment. The percent germination was assessed after 8 days. 
Those seeds which germinated were allowed to develop in the petri dishes 
for 15 days. At the end of the experiment the radicle and the hypocotyle were 
separated with a blade and weighed separately. 
There was not much difference between the control and the 30 m. e. / 1. 
treatment. In the 60- and the 90-m. e. / 1. treatment, the development, 
especially of the radicles, was reduced significantly . 
Table 9. Effect of salinity on growth of hypocotyle and radicle of 
cattail in different salt copcentrations . 
Treatment 0/0 germinated Wt. of Wt . of 
Crn. e. /1. ) Hyocotyle(g) Radicle (g ) 
(H) (R-) 
0 79.50 1. 53 1. 66 
30 77.50 1. 59 1. 70 
60 44.50 .79 .. 61 
90 2 5 .33 • 31 17 
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R/H 
1. 08 
1.. 06 
. 77 
.54 
2 . Vegetative growth and root elongation of young catta il pla nts in differen t salinity 
levels (table 10 and 11). 
Seeds were sown as usual in petri dishes on filter paper moist e n ed in 
distilled water (D. W. ), tap water (T. W. ) , nutritive solution (N . S . ), 30 , 60, 
and 90 m. e. /1. of CaCl2 and NaCl in the ratio of 1:2. Germination was asse s sed 
after 8 days. Those seeds which germinated were allowed to develop in petri 
dishes for 25 days; after which 18 healthy plants of equal size were s elect ed from 
each level of treatment. They were weighed and mea sured . The y were fixed 
with cotton through hole in plastic jars. There were 18 plants for each t reatmen t. 
Af ter a month, root elongation, length <\f root hair, tota l length, fr esh weight, 
number of leaves and other visible differences were mea sured. 
There was little difference between plants grown in D . W . , T . W., a n d 
N. S., but plants in higher salinity levels of treatment showed signific a n t 
reduction in development, especially in root elongation (Fig. 5 and 6 ) . Some 
experiments on young plants were conducted in beakers (Fig . 7 ) . 
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Root elongation of ypung cattail plants in different salinity levels. 
Cac12 and Nacl were used in the ratio of 1 :2. (1) Tap water. (2) Nutritive 
solution. (3) 30m. ell. (4) 6om. ell. (5) 90m. ell. 
Fig. 6. 
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2 s 
Imot hgir growth of yOl1n~ catt~il plants in different salinity levels. 
Cacl2 and Necl were used in the ratiQ of 1:2. (1) Tap water. (2) Nutritive 
solution. (3) 30m. ell. (4) 60m. ell. (~) 90m. ell. 
Veget~tive growth of yOlln~ catt ail plants in different salinity levels. 
Cac12 and Nacl were used in the r~tio of 1:2. (1) Tap water. (2) Nutritive 
solution. (3) 30m. ell. (4) hOm. ell. (5) 90m. ell. 
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Table 10. Effect of salinity on vegetation growth and development of 
young cattail plants in different salt concentrations. 
Total Length Fresh Weight No. of Leaves 
Treatment Begin. End Begin End Begin End 
(m. e. /1. ) 
D. W. 10.45 33.40 7.58 20.07 2.84 3.96 
T. W. 10.62 35.42 7.59 20. 27 2.84 4.13 
N. S. 10.62 40.00 7.46 24.96 ~.B3 4. 24 
30 10.78 32.60 7.71 19.48 2.85 3.82 
60 10.79 27.57 7.78 14.81 2.83 2.51 
90 10.72 17.91 7.66 9.05 2.83 1. 41 
Table 11. Effect of salinity on root elongation and r(iot hair development 
in young cattail plants in different salt concent rations. 
0/0 GerTIlination 79. 5 
Root Elongation 19. 65 
(cm) 
Length of Root 
Hair (cm) 
1. 92 
T.,W. 
81. 5 
21. 13 
12.08 
Treatment (m. e .. /1. ) 
N. S. 
30 60 90 
84. 5 79.5 63.0 31. 0 
26. 68 20 . 01 14.69 8. 25 
2.47 1. 84 1. 18 0.77 
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Salinity Tolerance Studies op Adult Plants 
1. Salinity effect on young plants brought from Ogden Bay Bird Refuge. 
Some young plants of cattail and hardstem bulrush were brought from 
Ogden Bay Bird Refuge in April, 1961. After acclimation for about a week 
in the green- house, they were treated at O. 90, 120, 150, and 180 m. e. /l. 
of CaC12 and NaCl in the ratio of 1:2. There were 10 plants under each level. 
Thus, there were 50 plants of each spec ies in one experiment. Solution was 
changed once a week. PH of the solution was adjusted to 6. Crops were harvested 
after 2 months. Two plants from each level were saved for seed production. 
Records were maintained for physical measurements. Chemical analysis is 
not yet complete. Only a few samples have been analyzed for sodium and 
potassium. Analysis for calcium, magnesium, and phosphorus have not been 
started. Osmotic pressure and chloride accumulation in plant cell sap was 
determined. 
All measurements and analysis for cattail are summarized in Tables 12-19. 
Hardstem bulrush responded to salinity in a similar way to the cattail although 
it seems to be more resistent to salinity (table 21). 
There was significant reduction in vegetative growth as the level of salinity 
increased. Cattail did not fruit. Hardstem bulrush, however, produced flowers. 
There seems to be more and early seed production at higher salinity leve Is in 
hardstem bulrush. 0 smotic press.ure and c h loride accumulation showed very 
significant co-relation in both the plants. Osmotic pressure and chloride 
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accumulation in hardstem bulrush was lower than in cattail at the same 
treatment levels. The effect of salinity on growth of cattail and hardstem 
is illustrated in Fig. 8 and 9 respectively. 
Table 12. Vegetative growth response of cattail in different s~linity levels. 
(Young plants from Ogden Bay Refuge) 
T reat- Diam. Total Wt. of Top (g) Wt. of Root (g) 
ment. (cm. ) Length 
(m. e. /1. ) (cm. ) Fresh Dry Fresh \ Dry 
o 16.69 144.83 78.94 6.39 16. 61 1. 37 
90 15.16 132.58 69.74 7.05 13. 85 L 39 
120 14.10 102.48 52.70 5.99 12. 01 1. 32 
150 12.75 82.56 42.34 4.86 8.83 1. 00 
180 10.58 60.16 31.97 4.70 6. 28 0.91 
Table 13.. Effect of salinity on height and diameter on cattail plants. 
(Young plants from Ogden Bay Bird Refuge) 
Treatment Height Diameter 
(m. e. /1. ) cm. 0/0 culture cm. o/() culture 
0 144.83 100 16 . 69 100 
90 132.58 91. 70 15. 16 90. 83 
120 102.48 70.75 14. 10 84.48 
150 82.56 57.00 12.75 76.39 
180 60.16 41. 53 10.58 63.39 
Fi g. 8. 
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Effect of salinity on growth of cattail plants. Cacl and Nacl were used 
in the r atio of 1:2. (1) O~. e l l. (2) 90m. e/l. (3) f20m. e/l . (4) 150m. el l. 
(5) 180m. ell. 
Effect of snlinity on growth of hArdstem bulrush. Cac12 and Nacl were used 
in the ratio of 1:2. (1) Om. ell. (2) 90m. e/l. (3) 120m. e/l . (4) 150m. e/l. 
(5) 180m. e/l. 
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Table 14. Effect of salinity on dry weight of cat tail plants (Young 
plants brought from Ogden Bay . ) 
T REA T MEN T (m. e. /1. ) 
Vegetative 
Portion 0 90 120 150 180 
Green Top (A) 6.39 7.05 5.99 4.86 4.70 
Root - - - (B) 1. 37 1. 39 1. 32 1. 00 0.91 
AB 7.76 8.44 7.31 5.86 5.61 
Table 1.5. Effect of salinity on moisture content and percent reduction 
of fresh and -dry of cattail plants. (Young plants from Ogden 
Bay) 
Treatment Fresh Wt. Dry Wt. Moisture Relative basis 0/0 Reduction Dry Wt, ~atter 
(m. e. Ii. ) (g) (g) 0/0 0/0 
Fresh Dry Fresh Dry 
-
0 95.55 7 J• 76 91. 87 100 100 0 0 8. 12 
90 83.59 8.44 89.90 87.48 108.76 -12.52 +8.76 10.09 
120 64.71 7.31 88.70 67.72 94.20 -32.38 -5.80 II. 29 
150 51. 17 5.86 88. 54 53.55 75.51 -46.45 -24.49 1.1. 45 
180 38.25 5.61 85 . 33 40.03 72.29 -59.97 -27.71 1.4 .. 66 
'---
Table 16. Tip burn and chlorosis caused by salinity in cattail plants. 
(Young plants from Ogden Bay. ) 
Treat- Plants Remaining leaves First symptom Chlorosis 
ment surviving per plant after treat. % 
(m. e. /1. ) (days) 
0 
90 
120 
15 0 
180 
10 6. 5 0 0 
10 6. 2 37.50 0 
8 4.74 21. 87 10. 52 
6 4.00 13.88 25. 00 
5 3.40 12.00 52.94 
Table 17. Mortality of cattail plant in different salinity levels. 
(Young plants from Ogden, Bay) 
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Tip bur~n 
% 
0 
9.67 
23.68 
58.33 
64.70 
T reatment No. Plants Mortality Average no. of days 
(m. e. /1) No. of plants % Culture full treat. to death 
0 10 0 0 0 
J 
90 10 0 0 0 
120 10 2 20 43-.50 
150 10 4 40 41.. 25 
180 10 5 50 33.60 
---
Table 18. Effect of salinity on transpiration of cattail plants. 
(Young plants from Ogden Bay) 
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Treatment Dry Wt. of Total water lost Water per gram of 
(m. e. /1) Plant (g) per plant. (litre) dry matter. 
0 7.76 8.18 
90 8.44 8.04 
120 7.31 7.48 
150 5.81 7.66 
180 5.61 6.87 
Table 19. Effect of salinity on osmotic pressure, and chloride 
accumulation of cattail plants in different salinity levels. 
(Plants from Ogden Bay) 
11r3-7 
8.90 
"7.85 
7.73 
5.81 
(g ) 
Treatment 
(m. e. /1) 
OSlllotic pres sure 
(Atm. ) 
Chloride accumulation 
(m. e. /1) 
0 0.72 S. &" 
90 5.98 81. 0 
120 8.06 113.5 
150 9 . 78 146.0 
180 13.02 200. 0 
"---
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2. Effect of salinity on plants grow n in the greenhouse from rhizomes. 
Rhizomes of cattail and hard ste m bulrush were brought from Ogden Bay 
Refuge in April , 1961. Plants were grown from these rhizomes in the green-
house. Two-month - old plants were given tr e atme nts as in experiment 1. 
Similar data were collected for these plants after the treatment. 
3. Effect of salinity on plants grown from seed stage in the greenhouse. 
Only cattail plants were grown in the greenhouse from seed stage. When 
the plants were about two months old, they were given similar treatments as 
in experiments land 2. The data will be analyzed after completing the 
replications. Experiments on hardstem bulrush and alkali bulrush will start 
when seeds from the current year are available. 
FIELD EXPERIMENTS ·AT OGDEN BAY REFUGE 
The drum culture method was- used in the experiments at the Ogden Bay 
Refuge. Fifty-five gallon drums were used. They were coated inside and 
outside with protective paint ; . and then installed in two trenche s, with 25 in 
each row. The tOP-$. were set about four inches above the soil level. About 
one inch of fine gravel and an inch of sand were placed in the drums. A 
three-inch diameter thin-wall pipe well was set along one side of the drum 
with the bottom resting on the sand and the top projecting about two inches 
above the top of the drum . Circulation was achieved by allowing the water 
and solutions applied to move down through the soil into the sand and gravel 
and up into the well. Salt solutions were first applied on July 17, 1961. These 
solutions consisted of two parts of sodi um chloride and one part of calcium 
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chloride .. They were to be added gradually until the conductivity in the pipe 
well reached the following levels : Treatment A, 4 millimohs (Ec X 103 ); 
B, 8; C, 16; and D , 32. Treatments C and D had not reached the desired 
levels at the end of the season. Average conductance of the solutions in the 
drums, osmotic pressure of plants , and the chloride accumulation are given 
in tables 20-24. 
Hardstem bulrush did not show any symptoms of sa1t effect. There _was 
little indication of difference in treatments of cattail. Alkali bulrush, how-
ever, showed a clear difference in treatments - being more dry and yellow 
at higher treatments. All plants, however, gave successive increase in 
osmotic pressure and chloride accumulation in plant cell sap. 
The Ogden Bay experiments were not successful partly because of the 
late application of salts and partly from the difficulty of maintaini~g uniform 
circulation of applied salts. Further observations will be made during the 
1962 season when ,salinity levels are reached. 
Table 20. Effect of salinity on osmotic pressure and chl'oride 
accumulation of cattail plants in different salinity levels. -
(Plants from drums at Ogden Bay Refuge. ) 
Treatment Conductivity Osmotic Chloride 
pressure accumulation 
micromhos atmo sphe re s~ (m. e .~/. L ). ' 
A 4230 1 . . 28 7. 16 
B 5660 2. 14 22.33 
C 8660 3. 13 37_.33 
D 12500 6 . 23 81. 66 
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Table 21. Effect of salinity on osmotic pressure and chloride accumulation 
of hardstem bulrus h in different salinity levels. 
T reatment Osmotic pressure (Atm. ) Chloride accumulation 
(EE;X 10 6 ) (m. e. /1) 
3730 1. 15 7.16 
5560 2.83 14.66 
8660 3 . 09 30.66 
17000 3.70 35.00 
Table 22. Effect of salinity on osmotic pressure and chloride accumulation 
of alkali bulrus h in diff erent salinity levels. 
Treatment6 (Ec~X 10 ) 
3670 
7900 
8830 
16660 
Osmotic pressure (Atm . ) 
1. 25 
3.21 
3. 56 
5. 24 
ChlorIDe accumulation 
(m. e. /1) 
7.GO 
-18.00 
29.33 
78.00 
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SUMMARY AND CONCLUSION 
Most of the results are based on data having limited observations. Therefore, 
more data will be collected to verify t h e results. There are, however, clear 
indications t h at salinity at higher levels has lethal effects on germination, growth, 
and development of the cattail and hard stem bulrus h plants. 
In the greenhouse water culture study on the influence of salinity on seed 
germination of cattail, it was observed that while 80 percent of the seed germinated 
in base nutritive solution (control), there was no germination at and above 180 m.e. /1 
of salinity treatment level. Percent germination steadily decreased with increased 
salinity concentration. Maximum germination was reached by about eight days after 
sowing t h e seeds under all treatments. Seeds t h at did not germinate at the higher 
salinity levels j when was h ed with water and set for regermination, recovered and 
germinated. Recovery germination decreased proportionately with increa.s..ed 
number of days of treatment in the saline solution. Germination was higher when 
the seeds were kept rvoist with t h e treatment solutionat""PH5. 5-6.0. Seeds stored 
dry and frozen in the refrigerator gave more germination in all treatments than 
tho se ~tored in mud and in water at room temperature. 
The effect of salinity on young cattail plants indicated" very striking differences 
in the growth of hypocotyle and radicle. The growth of radicle was severely 
redu ced at the higher salt concentration. Root elongation similarly decreased 
wit h increased salinity treatment levels. 
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Experiments on the effect of salinity on adult cattail plants showed reduction in 
h eight and diameter and in total fresh and dry we~ght of plants treated at h~gher 
salinity levels as compared to control. Increased osmotic pressure and chloride 
accumulation in plant cell sap co.rrelated with decreased growth of plants under 
increased salinity treatment levels. 
Most of the plants grown in the drum culture at Ogden Bay under different 
salinity levels did not s how a striking difference in external symptoms and growth. 
They, however, indicated some differences in osmotic pressure and chloride 
accumulation in plant cell sap. 
Experiments on the influence of salinity on seed germination, growth and 
seed production are in progress in t h e greenh ouse at Utah State University. 
C h emical analyses of plant materials have just been started. 
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